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ABSTRACT 

In order to test a recent hypothesis that the dispersion in the Schmidt-Kennicutt law arises 
from variations in the evolutionary stage of star forming molecular clouds, we compared molecular 
gas and recent star formation in an early-phase merger galaxy pair, Taffy I (UGC 12915/UGC 
12914, VV 254) which went through a direct collision 20 Myr ago and whose star forming regions 
are expected to have similar ages. Narrow-band Paa image is obtained using the ANIR near- 
infrared camera on the mini-TAO lm telescope. The image enables us to derive accurate star 
formation rates within the galaxy directly. The total star formation rate, 22.2 M Q yr _1 , was found 
to be much higher than previous estimates. Ages of individual star forming blobs estimated from 
equivalent widths indicate that most star forming regions are ~ 7 Myr old, except for a giant 
HII region at the bridge which is much younger. Comparison between star formation rates and 
molecular gas masses for the regions with the same age exhibits a surprisingly tight correlation, 
a slope of unity, and star formation efficiencies comparable to those of starburst galaxies. These 
results suggest that Taffy I has just evolved into a starburst system after the collision, and the 
star forming sites are at a similar stage in their evolution from natal molecular clouds except for 
the bridge region. The tight Schmidt-Kennicutt law supports the scenario that dispersion in the 
star formation law is in large part due to differences in evolutionary stage of star forming regions. 



Subject headings: 



1. Introduction 

Understanding the nature and physics which 
underly the relation between star formation rate 
(SFR) and gas density is crucial for understand- 
ing galaxy evolution and star formation history 
of the universe. The most thoroughly investi- 
gated expression of this relation is t he Schmidt- 
Kennicutt (SK) law (jKennicuttil 1 9981 ) . the empiri- 
cal power-law relation between surface densities of 
SFR (Ssfr) and molecular gas (Sh2), written as 



J SFR 



oc X 



JY 
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(1) 



The power law index N is typically found to 
be N > 1 for the commonly u sed molecu- 
lar gas tracers 12 CO(J = 1 — 0) ( Hever et al.l 
2004 iKomuei et al.ll2005l) and 12 CO(J = 2-1) 
(jSchuster et al.l l2007h . "but N ~ 1.0 when dense 



gas tracers such as high C O transitions and HCN 
are used to trace Sh? dGao fc Solomon! 12004 : 



Komugi et al.l2 007: Big iel et al.l2008UMuraoka et al 
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20091: llono et al.l [2009). This is typically inter- 



preted as the d ense gas tracing individual units of 
star formation (jWu et al.ll2005l ). which forms stars 
at a constant efficiency 

A less emphasized aspect of the SK law is 
its dispersion around the relation. Much of the 
dispersion can be attributed to uncertainties in 
calibrating Ssfr and Eh2, as frequently used 
massive star formation tracers such as Ha are 



stron gly affected by dust extinction ([Komugi et al 



2007), and molecular gas mass depends on the as- 
sumed CO-to-H2 conversion factor, Xco, which 
can vary significant l y with env ir onment (e.g., 
Arimoto et al. 1996 : Israeli 1997 : Komugi et al 



20111 ). 
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SK l aws studied over a scale of several 
( KennicuttJll998tlKomugi et al.l l2005l 



ISchuster et all 120071 lOnodera et al l |2010|) typi- 
cally scatter at least factor of ~ 2. Recent stud- 
ies ( Kennicutt et al. 2007 : Schruba et al. 2010; 
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Onodera et al. 2010t Liu et al. 2011 ) have found 
that the dispersion in the SK law increases as 
smaller regions are sampled within the galaxy, 
which are unlikely to be explained by observa- 
tional uncertainties. The significant dispersion is 
attributed to differences in the evolutionary stag e 
of the molecular clouds ( Onodera et al.l l201Clh . 
which may be a large scale manif estation of molec- 
ular c loud types proposed by iKawamura et al 
(|2009l) . 



An interesting test of this hypothesis is to 
see whether the dispersion of the SK law de- 
creases significantly when star forming molecu- 
lar clouds of comparable age are sampled. An 
interacting galaxy system is an ideal target for 
this purpose. Star formatio n is expected to be 



trigg e red by galaxy collis ion (jBarnes fc Hernquist 
1199 ft ISaitoh et alJ l2009h . and in deed interacting 



galax i es such as the Antennae (Whitmorc et al.. 
1999; IWilson et all l200d: lUeda et al.l l2012h and 



IIZw 096 (jlnami et al.l 120101) are known to host 
exceptionally young stellar clusters in the over- 
lapping region and tidal tails. If the interaction 
occurs over a timescale that is less than a typical 
timescale of star formation or molecular cloud evo- 
lution, and recent enough so that there has been 
time for only one generation of star formation, 
then the galactic collision-induced star formation 
in various regions of the system are expected to be 
at a comparable evolutionary stage. The interact- 
ing galaxy pair Taffy I, is a rare laboratory which 
meets these requirements. 

1.1. Taffy I 

Taffy I (see figure 1) is an interacting sys- 
tem consisting of two galaxies (UGC12914/15) 
and the "bridge" , an extended shock-induced syn- 
chrotron component connecting the two galaxies 
(jCondon et al.lll993l hereafter C93). The distance 
is estimated to be 61 Mpc, from the systemic HI 
velocity of 4600 kms -1 (C93) and Hubble constant 
of 75 kms _1 Mpc _1 . The steepening of spectral 
index at the bridge and the simulated trajectory 
of the galaxies indicate a face-on collision which 
occurred only 20 Myr ago (C93). The galaxies 
are separating at a velocity of ~ 450 km s -1 for 
the assumed Hubble constant (C9 3), and the rela- 



tive inclination of the disks is 12° (Giovanelli et al 



1986). For a star forming disk of 7 kpc diame- 
ter (the separation between star forming regions 
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E and G in UGC12915; see following sections and 
figure 1 ), the duration of the disk-disk collision is 
estimated to be ~ 3 Myr. This is much less than 
the typical timescale of s tar formation in galactic 
disks (several x 10 Myr; lEgusa et al.ll2004 |2009h 
or the time scale of giant molecular clouds to evolve 
(6-13 Mvn iKawamura et al.lExjj ). Thus, the col- 
lision was instantaneous in terms of the star forma- 
tion history of this system, and recent enough so 
that the triggered star formation would not have 
evolved for more than a generation. 

Star formation is evident from Ha and mid in- 
frared observations, in both galactic disks and no- 
tably in the brid ge region, where a giant HII region 
has been found (|Bushouselll987l ). The SFR of this 
system has not been well measured, however, be- 
cause commonly used tracers fail to trace massive 
star formation reliable in this galaxy. 

Ha observation ( Bushouselll987 ) indicates a to- 
tal SFR of ~ 1.4 Mgyr" 1 (see section 3.2) . How- 
ever, the center of UGC 12915 was virtually un- 
detected in Ha indicating severe dust extinction. 
Gao et al. (2003) used the 20cm continuum to de- 
rive the star formation rate, but cautioned that 
the 20cm is contaminated largely in the bridge 
by the shock-induced synchrotron emission (C93) 
which is unrelated to the massive star formation. 
Seven micron PAH features have been observed by 
Jarrett et al. ( 19991 ). which returned a low global 
star formation rate of < 6 M^ yr" 1 if we as- 
sume a conversion factor to SFR bv lRoussel et al 



(|200ll ), but using a common conversion factor of 
mid-infrared PAH emission to SFRs is debatable 
in Taffy I, as the small dust particles traced at 
these wavelengths could have been destroyed by 
the stron g shock induced by t he large scale galactic 



collision (Br aine et al. 20031 ). The total infrared 



luminosity of L(IR) = 7 x 10 10 L Q corresponds to 
a SFR of 12.1 M^yr " 1 using the conversion factor 
bv lKennicutd ( 19981) . This estimate is larger com- 
pared to those using other tracers, but the conver- 
sion factor assumes continuous and constant star 
formation over 10-100 Myr, which is questionable 
in these colliding galaxies. 

Obtaining a more reliable estimation of the 
SFR within Taffy I and its age, requires an unbi- 
ased measure of massive star formation. The Paa 
emission line (A = 1.8751 fim) is suited for this 
goal, as the magnitude of its dust extinction is 
only 1/6 of that of Ha, and can trace massive star 



formation more directly than infrared dust emis- 
sion. Therefore, we have carried out a narrow- 
band imaging observation of the redshifted Paa 
emission line. 

2. Observation and Data Reduction 

Narrow-band images by the N191 filter (A = 
1.91/im, A/AA = 58) covering the redshifted Paa 
emission line and broad-band images in the H 
and K s bands were obtained on 2010 October 9, 
16, and 17j_with Atacama Near Infrared camera 



CANIR; iMotohara et al.1 120081 ) on the University 



of Tokyo Atacama 1.0m telescope (jMinezaki et al 
2010) installed at the summit of Co. Chajnan- 
tor (5640m altitude) in northern Chile, which is 
a part of the University of Tokyo Atacama Ob 



serva tory Project (PI: Yuzuru Yoshii; lYoshii et al 
2010f ). The extremely low precipitable water va- 
por (PWV ~ 0.5mm) of the site enables obser- 
vations of the Paa em ission line from the ground 
(jMotohara et al.ll2010h . 

Exposure times are 12420s, 2160s and 2160s 
for iV191, H, and K s , respectively. Standard 
reduction procedures of flat-fielding, self-sky cre- 
ation and subtraction, and shift-and-add are car- 
ried out to obtain a final image for each band. 
Flux zero-point are calculated using the magni- 
tudes of 2MASS stars in the field of view. The 
typical seeing is ~ 1". The 1.91^m continuum im- 
age is produced by the final images of the H and 
K s band, and an emission-line image is created by 
subtracting the 1.91/xm continuum image from the 
N191 image. 

There are many atmospheric absorption fea- 
tures within the wavelength range of the N191 
filter, which also vary temporally due to change of 
PWV. Therefore, we have used a newly developed 
method to restore Paa line flux from an emis- 
sion line image by estimating atmospheric absorp- 
tion at the wavelength of the line, using model 
atmo sphere by ATRAN software (jLord. S. D. 
19921 ). This method is confirmed to reproduce 



the real flux within an accuracy of 10%, by com- 
paring the Paa narrow-band images taken with 
HST/NICMOS (Tateuchi et al. in prep.). The ac- 
tual factor introduced by the ATRAN correction 
to our Paa data was 1.12, corresponding to PWV 
of 665.2 /im. 
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3. Results 

3.1. Paa Morphology 

The bottom panel of Figure 1 shows the 
continuum-subtracted Paa image of Taffy I. Most 
star formation in this system as traced by Paa is 
found to exist in discrete "blobs" which we denote 
as regions A through H. The blobs are located 
in the centers of each galaxies (regions B and 

F) , and on their spiral arms (regions A,C,E and 

G) . A notable blob is seen in the northern tail 
of U GC 12915 (regi on H), which is also bright in 
Ha (jBushousdll987h . The giant HII region in the 
bridge (region D) is almost as bright as those at 
the galaxy centers. 

3.2. Star Formation Rate 



Bushousel ( 19871 ) observed Taffy I in Ha, giving 
luminosities L(Ha) = 1.17 x 10*" and L(Ra) = 
6.31 x 10 40 erg s _1 , corresponding to SFRs of 
0.93 and 0.50 M ^yr" 1 using the prescription of 
iKennicuttl (jl998l) for UGC 12914 and UGC 12915, 
respectively. 

We compare the observed Paa and Ha fluxes 
in each of the regions, assuming intrinsic line ra- 
tio of Paa/H a = 0.12 (T = 10 4 K and case B re- 
combination; IOsterbrocklll989l ) and derive average 
dust extinction Ay and extinction corrected Paa 



flux (Table 1) using the iRieke fc Lebofskvi (|1985I ) 
extinction law. The extinction corrected Paa lu- 
minosity L(Paa) and the assumed line ratios are 
used to obtain the intrinsic Ha lumi nosity, and 
then t o SFR usin g the p rescription by iKennicutt 
(|l998l) . iBushousel (|l987l ) assign an error of ~ 20% 
to the Ha photometric flux. Combined with the 
10% uncertainty in the Paa and error propagation 
in the calculations, the final error in the extinction 
corrected Paa flux is estimated to be ~ 25%. The 
flux for each of the blobs is measured using a cir- 
cular aperture of 12". 6 diameter, corresponding to 
a projected scale of 3.7 kpc. Subtraction of diffuse 
emission (if any) is done using an annulus with a 
width of 5" around each aperture. 

Derived values for each of the star forming blobs 
are listed in table [TJ The total star formation 
rate of UGC 12914 and UGC 12915 (sum of con- 
stituent blobs) are 7.3 and 14.9 M Q yr _1 , totaling 
22.2 M yr" 1 , an order of magnitude h igher than 
those derived from Ha ( Bushousdll987l ). or factor 



4 higher than that based on the 7/xm PA H emission 
(|jarrett et al.lll999tlRoussel et al.ll200ll ). It is also 
nearly two times higher than the global SFR de- 
rived from the total IR luminosity. Since the Paa 
traces massive star formation more directly than 
the PAH or IR luminosity, it is possible that the 
SFR derived from these secondary tracers under- 
estimate the true SFR because of dust destruction 



(jBraine et al.l 120031 ). or due to the assumption of 
continuous star formation over 10-100 Myr in the 
case of the total IR luminosity. 

4. Discussion 

4.1. Age 

Equivalent widths of the Paa line are derived 
by dividing the Paa image with the 1.91/xm con- 
tinuum. Approximate ages of the blobs are esti- 
mated from the equivalen t widths using figure 5 of 
Diaz-Santos et al.1 (2008) which is based on Star- 
burst99 ([Leitherer et al.l 119991 ) with an instanta- 
neous burst, and shown in Table 1. The signal to 
noise ratio (SNR) of the Paa blobs within the mea- 
sured aperture ranged from SNR ~7 to over 20, 
except for Region H in the faint tail of UGC12915, 
for which the SNR was 3.3. 

The ages of all blobs except for region B (UGC 
12914 center) and region D (the bridge) are ~ 7 
Myr. Region D is significantly younger, less than 
3.5 Myr. Region B is somewhat older, which is 
likely a contribution from an older population of 
stars as this is the center of the galaxy. In any 
case, the estimated ages of the star forming blobs 
are less than 20 Myr, the estimated time since the 
collision of the two galaxies. The ages are surpris- 
ingly uniform considering the time since collision, 
but this may be explained by the Paa observation 
sampling the brightest regions in the system which 
are forming stars most actively at this point. 

4.2. Star Formation Efficiency and Schmidt- 
Kennicutt Law 

The total molecular gas mass of this system 
i s estimated t o be M(H 2 ) = 1.0 x 10 10 M^ 



(Bra ine et al. (2003); Kaneko et al submit- 



ted) using a CO-to-H 2 c onversion factor of 5.6 x 



10 19 cm~ 2 [K km s" 1 ]" 1 (|Zhu et al.l l2007l). From 
the global SFR estimate of 22.2 il^yr" 1 , the aver- 
age star formation efficiency (SFE=SFR/M (H 2 )) 
in Taffy I is 2.2 x 10~ 9 yr -1 , corresponding to a 
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gas consumption timescale r gas of 4.5 x 10 s yr. 
This gas consumption time scale is consisten t with 
typical starburst galaxies (jKennicuttl 1 19981 ) , and 
qualifies Taffy I as a starburst galaxy i n contrast 



to in dications from previous studies (|Gao et al 



2003) 



In order to derive the molecular gas mass and 
SFE of individual blobs, we use interfer ometric ob- 
serva tions of the 12 CO( J =1 — 0) line (|lono et al 



2005). The angular resolution of the CO data 
is 7". 2 x 5".l, sufficient to match the aperture 
(12". 6) used to determine the SFRs and the equiv- 
alent widths of the Paa emission. For the con- 
version factor, we use both the average Xqo and 
the values derived individuall y for UGC12914 , 
UGC12915 and the bridge by IZhu et al.1 (120071) 
using a one-zone LVG analysis. The derived gas 
masses are shown in Table [1] for both cases. The 
SFEs of the blobs are surprisingly uniform, with 
SFE = (7.2 ± 0.9) x 10-V" 1 , corresponding to 
T gas = (1.4 ± 0.2) x 10 8 yr, when the average con- 
version factor is used. When different conversion 
factors are used for the galaxies and the bridge, the 
bridge has an exceptionally high SFE and short 
gas consumption timescale, with SFE = (1.4 ± 
0.1) x 10- 8 yr _1 and r gas = (7.1 ± 0.7) x 10 7 yr, 
whereas all the other regions have nearly constant 
SFE and r gas , of SFE = (4.9±0.9) x 10" 9 yr _1 and 
r gas = (2.0±0.4) x 10 8 yr. These values are all typ- 
ical of ci rcumnuclear sta rburst regions in nearby 
galaxies (|Kennicuttlll998l ). 

The variation in the SFEs is also apparent from 
the comparison between molecular gas mass and 
SFR, shown in Figure[2] Since the projected areas 
of the apertures are same for all the blobs, Figure 
[5] can also be regarded as the SK law. For the con- 
stant conversion factor, a best-fit to all the blobs 
results in 

logSsFR = (0.99 ± 0.08) logS H2 - (8.13 ± 0.12) 

(2) 

and when using different conversion factors, all 
blobs excluding region D (bridge) results in 

logS S FR = (0.95 ± 0.14) logS H2 - (8.23 ± 0.24) 

(3) 

The observed power law index of N = 1.0 is consis- 
tent with those typically observed using dense gas 
tracers, but not with with the typically observed 
N > 1 using 12 CO(J = 1 - 0). 



4.3. Schmidt-Kennicutt Law and Disper- 
sion 

The dispersion a of the correlation from the 
best fit is 0.058 dex (14%) in case of using a con- 
stant conversion factor, or 0.096 dex (25%) when 
using different conversion factors and excluding re- 
gion D. The a are comparable to or smaller than 
uncertainties in the SFR (25%), so uncertainties 
in the measurement alone can account for the dis- 
persion for all regions with comparable ages, and 
only the exceptionally young region D is offset sig- 
nificantly from this correlation. 

The dispersion can be compared to those in nor- 
mal galaxies which contain star forming regions 
at a variety of evolutionary stages. Although we 
use an aperture with a projected scale of 3.7 kpc, 
this is limited by the CO resolution. Inspection of 
the high resolution Paa image reveals that even 
with this large aperture size, only one bright star 
forming complex is enclosed in each of the aper- 
tures. The effect of averaging o ver star forming 
regions which work to decrease a (|Liu et al.ll2011l ) 
would not be prominent in our aperture, so we 
compare the a in the literature at a common scale 
of ~ 700 pc, the ty pical size of Paa blobs in Taffy 
I. iLiu et all (|2011l ) derive o = 0.50 and 0.27 for 
M51 and NGC3521, respectively, at 700 pc resolu- 
tion. Similarly, we derive a dispers ion of a = 0.43 



from t he M33 dataset published by lOnodera et al 



( 2010l ) at 500 pc resolution, and a = 0.32 at 1 
kpc resolution. Given that our star forming blobs 
are distributed widely both within and between 
galaxies, the measured dispersion in Taffy I is un- 
expectedly small. 

4.4. Star Formation History and Evolu- 
tion of Taffy I 

A stellar mass of a galaxy reflects its integrated 
star formation history, and therefore the ratio of 
current star formation rate to total stellar mass 
(the specific star formation rate; sSFR) indicates 
the intensity of current star formation relative to 
its average in the past. 

The K band magnitudes o f UGC12914 (9 32 m ag.) 
and UGC12915 (9.83 mag.; Ijarrett et all (| 19991) ) 



can be used to estimate their rotation velocities 
and hence their stellar mass based o n the Tully- 
Fischer relation (|Bell fc de JonefeOOll ). which give 
stellar mass estimates of M* = 7 x 10 10 M n and 
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M* = 5 x 10 10 M© for UGC12914 and UGC12915, 
respectively. Using the SFR of 22.2 M Q yr _1 , 
the sSFR of Taffy I is 1.9 x 1CT 10 yr" 1 . This 
is five times larger than the average of local 
(0 < z < 0.2) galaxies with similar stellar mas s 
(~4x 1CT 11 yr- 1 ) given by lOliver et~al] (|2010f ). 
indicating that Taffy I is now forming stars much 
more actively than its average past. The ages of 
the blobs estimated in the previous section also in- 
dicate that the star forming regions studied here 
are experiencing their first burst of star forma- 
tion. Apparently, Taffy I has just evolved into a 
starburst system as a result of the collision which 
triggered massive star formation. 

A scenario of star formation in Taffy I should 
explain the matched ages of the all regions except 
region D, and also the apparent delay of star for- 
mation in region D. 

Braine et all (|2003h and IZhu et all (|2007t ) sug- 



gest that the molecular gas in the bridge was ion- 
ized in the collision but cooled promptly, recom- 
bined and retur ned to the molecul ar state in sev- 
eral to 10 Myr (jBergin et al. I l2004h . delaying star 
formation by that time. This scenario requires 
the cooling time of the gas which created region 
D to be longer than the timescale of collision (~ 2 
Myr or less: see section 1.1). The cooling time 
of molecular gas at 10 1-2 cm -3 and 10 4 K is 



10 



4-6 



years, so the colliding gas may not have 



had enough time to be heated to delay molecular 
gas formation compared to other regions. Another 
possible scenario is that the molecular gas in re- 
gion D was simply stretched as a result of tidal 
force, delaying aggregation of gas. Assuming that 
UGC12915 is the dominant source of tidal force 
and has A/* = 5 x 10 10 Mq, and using molecular 
mass of 1.2 x 10 8 M© and diameter of 1 kpc for 
Region D, the Roche limit is reached at 5 kpc. The 
projected distance of region D to UGC12915 is ~ 
4 kpc, so the tidal force may be strongly affecting 
region D. It is plausible that only recently the gas 
has been able to collapse locally within region D. 

Apart from region D, the blobs can be regarded 
to be in a similar stage in their evolution from 
molecular gas to stars. The SK law is consistent 
in this respect, as all the blobs except region D 
follow an exceptionally tight linear law, which is 
predicted if our working assumption that varia- 
tions in the evolutionary stage of molecular clouds 
are responsible for the dispersion is correct. Since 



the observed slope of A = 1.0 is typically ob- 
served with dense gas tracers, we speculate that 
the blobs in the same evolutionary stage have the 
same dense gas fraction, giving rise to a linear 
slope even when observed with 12 CO(J =1 — 0) 
that traces the total molecular mass. This can 
be tested by high resolution observations of dense 
molecular gas tracers, which should show that the 
dense gas fraction in these blobs are similar. 

5. Summary 

This paper presents ground-based narrow band 
imaging data of Paa emission in Taffy I, an inter- 
acting galaxy system which experienced a direct 
collision only 20 Myr ago. The star formation rate 
of the system is larger than previous determina- 
tions using Ha, PAH emission, or the far infrared 
continuum. The newly estimated star formation 
rate qualifies Taffy I as a starburst system. Ages 
of the star forming blobs are estimated from equiv- 
alent widths of the Paa emission, showing that 
virtually all the detected star formation occurred 
after the collision, first in the centers of the galax- 
ies and at the disks, then several Myr later at the 
bridge region. This delay of star formation in the 
bridge region may be explained either by the time 
it took for molecular clouds to cool after it ionized 
in the collision, or by self gravitational collapse 
hindered by tidal force of the parental galaxies. 

Comparison with interferometric 12 CO( J = 1 — 
0) data shows that the star forming blobs with the 
same age follow an exceptionally tight power law 
with no significant dispersion, whereas the young 
star forming region in the bridge is offset from 
this correlation. The slope of unity is unusual for 
the SK law using 12 CO(J = 1-0), but typical 
for cases when dense gas tracers are used to trace 
molecular gas. These regions all show star forma- 
tion efficiencies which are comparable to infrared 
luminous starbursts, and specific star formation 
rate are much higher than local galaxies with sim- 
ilar stellar mass. We argue that Taffy I has just 
evolved into a starburst system, and the star form- 
ing blobs are at the same evolutionary stage with 
a constant fraction of dense gas. Our observations 
support a hypothesis where the dispersion in the 
SK law is largely due to variations in the evolu- 
tionary stage of the molecular clouds, and imply 
the possibility of defining different SK laws for dif- 



G 



ferent populations in a galaxy. 
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Fig. 1. — Top: 1.91 /im con tinuum created fro m the H and K s images. Bottom: Paa image with integrated 

Contour levels are at 4, 8, 16 and 32 Jy km s _1 . Individual 
Circle in the lower left shows the aperture used for 



(2005). 



CO intensity contours from llono et al. 
blobs are indicated by their alphabetical designations, 
photometry. 
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log M(H 2 ) (M ) 
8 8.2 8.4 8.6 8.8 9 9.2 




Fig. 2. — Molecular gas mass and SFR in Paa blobs. Open circles use gas mass calculated using a constant 
Xco (column 3 i n tabl e [H), and filled circles use varying Xco (column 4 in table H}. Uncertainties in the Xco 
from IZhu et al. ( 20071 ) are used for the x-axis errorbars, and 10% for the y-axis (see section 2). Solid and 
long dashed lines are the best fit power law (equation 2 and 3) for constant and varying Xcoj respectively. 
The short dashed lines show constant gas consumption timescales of 10 s and 10 9 yr. 
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Table 1: Properties of Paa blobs 



Name 


Region 


M(H a ) 


M(H 2 )yar 


A v 


L(Paa) 


EW(Paa) 


SFR 


Tgas 


Age 






10 8 M 


10 8 M Q 


mag. 


10 40 erg s- 1 


log A 


M yr- 1 


lOOMyr 


Myr 


A 


U12914 S 


5.65 


9.07 


6.44 


4.86 (1.72) 


1.86 


3.30 (1.17) 


2.8 


6.5 


B 


U12914 C 


3.10 


4.97 


5.56 


3.14 (1.28) 


0.95 


2.13 (0.87) 


2.3 


> 7.9 


C 


U12914 N 


2.99 


4.80 


5.49 


2.79 (1.15) 


1.66 


1.89 (0.78) 


2.5 


6.8 


D 


bridge 


2.25 


1.20 


6.20 


2.39 (0.88) 


3.85 


1.63 (0.60) 


0.7 


< 3.5 


E 


U12915 S 


4.85 


6.76 


6.26 


5.46 (1.99) 


1.54 


3.70 (1.35) 


1.8 


6.9 


F 


U12915 C 


6.43 


8.96 


7.22 


0.74 (0.23) 


1.35 


5.00 (1.56) 


1.8 


7.2 


G 


U12915 N 


4.46 


6.21 


7.21 


0.58 (0.18) 


1.57 


3.87 (1.21) 


1.6 


6.9 


H 


U12915 tail 


0.97 


1.35 


5.54 


1.08 (0.44) 


1.82 


0.73 (0.30) 


1.9 


6.6 



col. (1)(2) Names of Paa blobs. Suffix are N for north, S for south, and C for center. 

col. (3) Molecular mass in 12". 6 aperture, using data from llono et al. I 1120051) , for a distance of 61 Mpc and X^o = 5-6 X 
10 19 cm- 2 [K km s" 1 ]" 1 . 

col. (4) Same as column 3, for varying X C p, using 9.0 X 10 19 , 7.8 X 10 19 and 3.0 X 10 19 cm" 2 [K km s" 1 ]" 1 for UGC12914, 
UGC12915, and the bridge, respectively llZhu et alj|2007f) . 
col. (5) V band extinction, measured from the Paa/Ha ratio. 

col. (6) Extinction corrected Paa luminosity in the 12". 6 aperture. Values in parenthesis are for no extinction correction 
applied. 

col. (7) Equivalent width of Paa. 

col. (8) Star formation rate obtained using column 6 and prescription of Kcnnicutt] l ll998T l. Meaning of parenthesis same as 
column 6. 

col. (9) Gas consumption timescale, from column 4 divided by column 8. 
col. (10) Age of the region, estimated from column 7. 
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